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美国 NEMI 于 1999 年成立专门工作组，以便帮助北美公司在 2001 年启动无铅电
子组装，其中 AIM、Alpha Metals、Celestica、Chip PAC、FCI Electronics、IBM、
Indium、Intel、ITRI、Johnson Manufacturing、Kester Solder、Motorola、NIST、
SCI Systems、Storage Technology、Texas Instruments、Universal Instruments 和

































On the purpose of environment protection, two legislations-WEEE(Waste of Electrical 
and Electronic Equipment) and RoHS(Restriction of The Use of Certain Hazardous 
Substances in Electrical and Electronic Equipment) in Euro has been set up recently, 
which has been effective on July lst,2006. In coordinate with the requirement , there 
are worldwide activities that all electronic factories are busily engage in turning their 
products lead-freely. 
The Large companies such as Panasonic, Sony, Toshiba, Fujifilm have design their 
Timetable of lead-free. NEMI has a department to help some companies to start 
lead-freely assembly, some of them such as AIM, Alpha Metals, Celestica, Chip PAC 
FCI Electronics, IBM, Indium, Intel, ITRI, Johnson Manufacturing, Kester Solder, 
Motorola, NIST, SCI Systems, Storage Technology, Texas Instruments, Universal 
Instruments and Vitronics Soltec are developing their technology of lead-free. 
Under this background and combination with our company lead-free manufacturing 
without any equipment and instrument changing requirement, the article includes the 
study of the lead-free solder paste and relative lead-free production with focus on the 
critical process, and the optimizing of process parameter and ensuring of production 
reliability by introducing several new designs of experiment. The achievements of the study 
have significant meaning for the reference and utilization. The achievements as below:  
Compared lead/lead-free solder paste about their ingredient and characteristics, a
nd analyzed the relative influence to the products and production. 
Designed solder printing comparison experiment result observation numeric expe
riment to identify the process-optimized parameters of screen print. 
Introduced 9 curves design of experiment for confirming reflow working proces
s-optimized parameters. 
Validated the effectiveness and reasonable of the process parameters by completing
 lead-free products pilot run and the relative reliability testing. 
The result is instructive and meaningful to the choice of lead-free solder, the l
ead-freely production and the SMT technology. 
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7 月 1 日实施针对电子产品废弃物和有害物质的法规，这就是当前各国企业所
关注的两项指令:WEEE(Waste of Electrical and Electronic Equipment) 一一《报废
电子电气设备指令》和 RoHS(Restriction of The Use of Certain Hazardous 
















































rganic Solderability Preservatives , OSP）、浸镀银（Immersion Silver）、以及浸镀
锡（Immersion Tin）等都在快速发展之中。 
FR4 玻璃纤维/环氧树脂材料适用于大多数无铅焊膏。不过有些合金需要高
得多的熔点。这种情况下可使用 FR5 玻璃纤维/聚酞亚胺或玻璃/BT 环氧树脂材




表 1-1 印刷电路板生产无铅化表面处理方法 
方法 性能 
镀金板（Electrolytic Ni/Au) 性能 稳定，价格 高 
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厦华电子公司的从产品设计开始，就已经考虑无铅化产品的要求。印刷电路












发展 快的一部分。2000 年之后，在美国国家电子制造业创进会（National 
Electronics Manuracturing Initiative，NEMI）与英国 Soldertec Ltd 等单位分别提
出以锡银铜(Sn-[3.4-4.1]%Ag-［0.45-0.9]%Cu）合金来替代锡铅合金的建议后，
锡银铜合金己成为无铅焊接材料的主流产品。[15]-[22]  
1.2.4 无铅化对 SMT 生产影响 









































AOI 设备和软件重新校准。举例来说，某些有铅焊接 AOI 系统中设置的“自动通
过值”可能与无铅焊接存在差异。 
如果当前使用人工检测仪，并考虑转换为 AOI 系统，正是合适的机会，因
为此时人工检测仪必须进行“重新校准”。 [33] [34] 
★自动 X 射线检测问题 
无铅焊的球形焊点中虚焊增多。无铅焊的焊接密度较高，可以检测出焊接中
出现的裂缝和虚焊。铜、锡和银应属于“高密度”材料，因此，像铅这类材料阻碍
X 射线的照射。所以，有必要对 X 射线系统进行重新校准。尽管所有的 X 射线
检测公司——无论他们生产手动还是自动 X 射线检测系统——都说自己的设备
对于检测无铅焊接没有问题，但是为了获得优良焊接的特性表征、监控组装工艺，























大、焊点（Solder Joint ）强度减低（IMC 脆化）等相关品质问题，也需一起谋
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接近 Sn-Pb 共晶焊料的熔点，应在 200℃左右。③ 具有良好的导电性和可检修






表 2-1 列出电子工业常用的一些锡膏成分。 
 
表 2-l 不同锡膏成分的熔点 
成分 范围℃ ① 差额℃  性质与用途 
75Pb/25In  250S-264L  l4  
50Pb/50In  180S-209L  29  
25Pb/75In  156S-165L 9  
延展性好，适用于
管芯装贴 
375Sn/375Pb/25In  134S-18lL  47  可浸润性好；不适
用于金 
80Au/20Sn  280E  0  
焊接金表面质量
高：适用于管芯装贴 
63Sn37Pb  183E  0  
60Sn40Pb  183S-188L  5 
50Sn50Pb  183S-216L  33 
10Sn90Pb  268S-302L  34  
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10Sn/88Pb/2Ag  268S-290L  22  
1Sn/97.5Pb/1.45Ag  309E  0  
少银导线和引线的
浸析 
96.5Sn/3.5Ag  221E  0  
95Sn/5Ag  221S-240L  l9  
产生很强的无铅焊
点 
42Sn / 58Bi  138E  0  高强度低温低共溶
混合物 
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